More than 40 base metal porphyry ore deposits in southwestern North America are associated with the Laramide orogeny (about 90 million to 50 million years ago). Rhenium-osmium dates on molybdenite, a rhenium-enriched sulfide common in many of the deposits, reveal that in individual deposits mineralization occurs near the final stages of magmatic activity irrespective of the time of inception, magnitude, or duration of magmatism. Deposits that differ widely in location and in the extent and timing of magmatism have nearly identical ages for mineralization. Rhenium-osmium ages suggest that mineralization occurred during two distinct intervals from about 74 million to 70 million years ago and from 60 million to 55 million years ago. Most deposits that formed in the oldest interval are within the older Precambrian basement of northwestern Arizona, whereas the younger deposits are restricted to the younger Precambrian basement in southern Arizona and northern Mexico. Synchronous, widespread mineralization indicates that similar crust-mantle interaction occurred on a regional scale for ore deposits once thought to be the product of localized processes.
these problems because the sulfide ore minerals can be dated. In this article, we compare the timing of sulfide mineralization, on the basis of Re-Os ages for the sulfide molybdenite, with the onset, duration, and magnitude of magmatism associated with the Laramide orogeny.
Geological Background
The Laramide orogeny involved intense uplift, magmatism, and compressive deformation over much of western North America from 90 million to 50 million years ago (2). Base metal porphyry deposits associated with the Laramide orogeny have been a rich source for copper, molybdenum, and lead for nearly a century and are abundant throughout southwestern Arizona and northern Mexico (8) . These deposits are so named because the igneous rocks that host mineralization exhibit a strongly bimodal size distribution of primary minerals or a porphyritic texture. Base metal porphyry deposits are formed when heated aqueous fluids circulate through these igneous rocks, which are intruded at depths of 1 to 10 km (9). The most common sulfides are chalcopyrite (CuFeS2) and molybdenite (MoS2), which precipitate in a complex network of fractures (a stockwork) in the intrusion and adjacent igneous rocks or as a massive sulfide body that replaces adjacent sedimentary rocks (a skam). The deposits occur along convergent plate margins, where oceanic lithosphere has been subducted (1).
Laramide base metal porphyry deposits formed in two different types of Precambrian basement in the overriding continental plate. In the northwest, the Precambrian basement is composed of metamorphosed igneous rocks more than 1.7 billion years old. The Precambrian basement to the southeast is composed of metamorphosed sedimentary rocks less than 1.7 billion years old, with the boundary between the two regions approximated by the Holbrook lineament (10, I 1) (Fig. 1) . The Precambrian basement is not continuous in outcrop but is assumed to underlie the younger rocks and is often exposed during mining. These differences in the Precambrian basement correspond with different intervals of base metal porphyry mineralization during the Laramide orogeny.
Re-Os Dating of Molybdenite
The Re-Os system holds great promise for the direct dating of sulfide deposits because both Re and Os are chalcophile elements and partition preferentially into sulfides or metallic phases. Both elements are also siderophile, which means that most of the Re and Os budget is in the core of the Earth and that, even in sulfides in the crust, they are typically found in the part-per-million to part-per-trillion range (12). Molybdenite is an ideal mineral for the dating of sulfide mineralization because it is a Re-enriched sulfide found in a variety of deposits. Initial dating attempts have produced erratic results (13) because of the post-crystallization mobility of Re in molybdenite (14, 15). The determination of Re distribution by microprobe, infrared transparency with the use of infrared microscopy, polytype by x-ray diffraction, and the search for Re-bearing intergrowths by microprobe backscattered imagery make it possible to select suitable molybdenites for dating (15) . Molybdenites selected by these criteria were subjected to fusion, distillation, and measurement techniques described elsewhere (15, 16), and mineralization ages were obtained by Re-Os geochronometry (Table 1) .
We chose the base metal porphyry deposit at Bingham, Utah, as a locality for testing the resolution of Re-Os dating because crosscutting relations and precise K-Ar ages were known (17) . Magmatism at Bingham spans about 7 million years, and mineralization is associated with an altered quartz monzonite porphyry that was emplaced into monzonite dated at 39.8 + 0.4 million years and crosscut by latite dikes dated at 37.7 + 0.5 million and 38.0 + 0.2 million years. Thus, mineralization occurred between -40 million and 38 million years ago. The Re-Os age of molybdenite from the quartz monzonite porphyry at 38.6 + 0.6 million years is consistent with this history (Fig. 2A) . In contrast, a K-Ar age for hydrothermal biotite in the altered porphyry is clearly too young to be associated with ore formation (Fig. 2A) . This inconsistency in the K-Ar gangue mineral age demonstrates the importance of being able to date the sulfide mineralization.
Timing of Mineralization Within Individual Deposits
We selected six widely separated Laramide base metal porphyry deposits for Re-Os molybdenite geochronometry (Fig. 1) Stockwork chalcopyrite-molybdenite mineralization at Sierrita-Esperanza is associated with a 58.4 ? 2.0 million-year-old granite porphyry (22, 29, 30, 32) . A Re-Os age of 56.2 ? 1.8 million years for molybdenite from the stockwork zone at Sierrita-Esperanza agrees with the age for the granite porphyry (Fig. 2F) . The Re-Os age is also distinct from the older alteration events at the 95% confidence level (31) and supports the notion that two hydrothermal events are recorded in the Pima district, although significant mineralization is not associated with the earlier episode.
A less complicated scenario exists at the Twin Buttes, Pima-Mission, and San Xavier mines. A quartz monzonite porphyry that is also responsible for stockwork and skarn chalcopyrite-molybdenite mineralization at Pima-Mission is 57. The Re-Os ages demonstrate that ore deposition in base metal porphyry systems is coincident with a particular intrusion and are similar to the K-Ar ages for those mineralizing intrusions that are not too altered to be dated (Fig. 2) . Mineralization is generally midway or near the end of dated magmatism at each locality, irrespective of the time of onset, duration, or areal extent of magmatism (Fig. 3A) . The data confirm earlier observations on the basis of crosscutting relations that were exposed during mining operations (33).
Intradeposit Relations and Regional
Timing Figs. 2,  B to F, and 3) . These intervals are irrespective of time of inception, areal extent of magmatism, or ore deposit size. Most deposits that formed during the older interval are in the Precambrian basement in northwestern Arizona, which is older than 1.7 billion years, whereas the younger deposits are restricted to the basement in the southeast younger than 1.7 billion years (Figs. 1 and  3A ). An older interval may exist at SierritaEsperanza, although it is constrained only by K-Ar ages on gangue minerals (Fig. 2F) . Potassium-argon ages on gangue minerals from other base metal porphyry deposits not dated by Re-Os geochronometry also suggest hydrothermal activity at -64 million years ago. However, the K-Ar data have large errors and do not allow us to resolve -this interval with certainty.
With regard to regional timing of mineralization, some clues to understanding the processes involved are given by the observation that base metal porphyries are spatially and temporally associated with the (Fig. 1) , but base metal porphyry mineralization is restricted to two different intervals specific to those domains. The processes leading to the regional timing of mineralization were probably not instantaneous but evolutionary, creating windows of time during which magmas that reached the upper crust would contain the components necessary for the formation of a base metal porphyry deposit.
Although a period of magmatic evolution seems to have generated mineralizing magmas in the lower crust, some external parameter may have triggered their ascent into the upper crust. In southwestern North America, the bulk of Laramide magmatic activity (Fig. 3B) The unequivocable establishment of the source of the components needed to form base metal porphyry deposits is beyond the scope of this study. Some geochemical studies have shown that the magmas involved in these deposits are mixed products of lower crust and mantle melts, but these studies cannot prove that base metals are enriched in this process (19, 38) . Other studies suggest that some metals may be obtained from the upper crust through localized processes, as heated fluids circulate between the intrusion and adjacent country rocks (11, 39). In the latter case, the magma only provides heat to drive the circulating fluids. This study has shown that the regional timing of base metal porphyry formation corresponds with the type of basement in which the deposits -occur. Because that timing is dependent on the emplacement of a particular mineralizing magma, it places the constraint that some component, perhaps some metals, must be obtained from the magma itself. As mentioned before, two common questions regarding metallogenesis are where did the metals come from and when did the deposit form? In this instance, by answering the second question we may have shed light on the first.
